The OECD/NEA Nuclear Science Committee (NSC) has identified the need to establish international databases containing all the important experiments that are available for sharing among the specialists. The NSC has set up or sponsored specific activities to achieve this. The aim is to preserve them in an agreed standard format in computer accessible form, to use them for international activities involving validation of current and new calculational schemes including computer codes and nuclear data libraries, for assessing uncertainties, confidence bounds and safety margins, and to record measurement methods and techniques. The databases so far established or in preparation related to nuclear data validation cover the following areas: -SINBAD -A Radiation Shielding Experiments database encompassing reactor shielding, fusion blanket neutronics, and accelerator shielding -ICSBEP -International Criticality Safety Benchmark Experiments Project Handbook, with more than 2500 critical configurations with different combination of materials and spectral indices. -IRPhEP -International Reactor Physics Experimental Benchmarks Evaluation Project The different projects are described in the following including results achieved, work in progress and planned.
I. Introduction
A large series of essential experiments concerned with nuclear energy and technology have been carried out over the last several decades in different research laboratories. This has required a large investment in terms of infrastructure, expertise and cost. Results from these experiments remain of great value today, as they provide the record on which development and validation methods are based and represent a significant collection of data for past, present and future research. * These data represent a cultural heritage of the nuclear age and the nuclear community believes in the high value of this heritage. This information will certainly be extremely useful in finding the promising solutions, in avoiding deadlocks, and also in guiding the design of promising new experiments, whenever the further development of nuclear energy takes off again. The gap between the old and new generations of experimenters is growing and special attention should be given to the transfer of this heritage of the old generation to the new ones.
The OECD/NEA Nuclear Science Committee (NSC) has identified the need to establish international databases containing all the important experiments that are available for sharing among the specialists. The NSC has set up or * corresponding author, Tel. +33 145241072, Fax. +33 145241110, E-mail: sartori@nea.fr sponsored specific activities to achieve this. The aim is to preserve them in an agreed standard format in computer accessible form, to use them for international activities involving validation of current and new calculational schemes including computer codes and nuclear data libraries, for assessing uncertainties, confidence bounds and safety margins, and to record measurement methods and techniques.
Experimental benchmark information exists in various forms, in many instances in a form inconvenient for the user, and with an educated effort and personal contacts with experts, the information is pieced together, but this requires a considerable amount of time of professionals and risks to be duplicated by different organisations. The amount of time for computational work is not dominated by computer run times in such a situation, but instead by the gathering and checking of data for input and for method validation. A significant saving results from disseminating a standard benchmark set to be used worldwide. A framework for professionals that use the standard benchmark set to validate and verify modeling codes and data for radiation transport, criticality safety and reactor physics applications guarantees a comparative set of analyses. It represents also a good basis for pinpointing important gaps and where efforts should be concentrated.
Three of the NSC sponsored projects are described here.
II. SINBAD -Radiation Shielding Experiments
The objective of the SINBAD data-base is compiling high quality, experiments for validation and benchmarking of computer codes and nuclear data used for radiation transport and shielding problems encompassing: -reactor shielding, pressure vessel dosimetry -fusion blanket neutronics -accelerator shielding This database covers applications both for low and intermediate energy particles applications. The database contains more than 60 experiments (Table 1.). The ANS-6 standard on formats for benchmark problem description have been followed. SINBAD data include benchmark information on (1) the experimental facility and the source; (2) the benchmark geometry and composition; and (3) the detection system, measured data, and an error analysis. A full reference section is included with the data. Relevant graphical information, such as experimental geometry or spectral data, is included. All information that is compiled for inclusion with SINBAD has been verified for accuracy and reviewed by two scientists. The set of primary documents used for the benchmark compilation and evaluation are provided in computer readable form.
III. ICSBEP -International Handbook of Evaluated Criticality Safety Benchmark Experiments
The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was initiated in 1992 by the United States Department of Energy. The ICSBEP became an official activity of the Organization for Economic Cooperation and Development (OECD) -Nuclear Energy Agency (NEA) in 1995. Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, Hungary, Republic of Korea, Slovenia, Yugoslavia, Kazakhstan, Spain, and Israel are now participating. The purpose of the ICSBEP is to identify, evaluate, verify, and formally document a comprehensive and internationally peer-reviewed set of criticality safety benchmark data. The work of the ICSBEP is published as an OECD handbook entitled "International Handbook of Evaluated Criticality Safety Benchmark Experiments" 3) . The details of this project are given in a separate paper presented at this Conference 4) .
IV. IRPhEP Reactor Physics Experiments
The NSC decided in 1999 to start activities in order to facilitate the preservation of the results of reactor physics experiments. The need for preserving experimental data beyond the normal archiving of previous results emerges because of the following factors 5) : -in many cases, the direct local archiving is incomplete from the point of view of the description of the reactor, the measurement methods, and the primary experimental information. -in the case of earlier experiments, archiving did not take place in a computerised format and, consequently, its availability is very limited. -the experimenters who may help in the complete recovery of the experimental results are ageing and, after a short time, will no longer be available. -experimental facilities are being closed, one after the other, and the preservation of the old archives is sometimes not ensured.
The NSC consequently agreed to establish an international inventory of relevant reactor physics experiments and measurements, to preserve in computer readable form their primary documentation and data describing the facilities, characterising the experimental techniques, the experimental results and interpretation thereof, to develop and maintain an international database containing a sub-set of high-priority reactor physics benchmark specifications derived from experiments performed at various nuclear facilities around the world, relevant for or including data from power reactors (e.g. water reactors, fast reactors, gas cooled reactors, as well as innovative reactor concepts).
The following types of measurements are to be included: -fundamental mode lattice experiments, -heterogeneous core configurations -power reactor start-up data -specific applications experiments (e.g. fission product integral data, irradiation experiments) This project, it was agreed, should follow methods and principles established successfully for ICSBEP and keep formats completely compatible in order to prevent duplication of activities and take advantage and benefit of work carried out in each of the projects. Close co-ordination and co-operation between the projects is established.
Among the acceptance criteria for an evaluation the following are cited: -Description of experimental method -Description of data handling method -Specification of corrections if any -Specific handling of technological uncertainties -Estimation of biases -Compliance with formal requirements -Presentation of sample calculations Even though one of the main goals is to provide high quality information for supporting code and data validation, the applied experimental methods need to be documented carefully, but only such methodical details need to be presented which are necessary for interpreting the measured reactor physics parameters. In that case, however, a special handbook will be necessary which discusses the experimental methods applied for obtaining the preserved reactor physics data. The set of well documented experiments in standard format could form the basis for a handbook for the experimental methods, applicable for studying reactor lattices or, more generally, reactor cores.
Experts have agreed that the work should be carried out at different levels of sophistication as concerns the quality of the final data sets, each meeting different needs. This subdivision is a convenient way of establishing quality of data, priorities of work and its scheduling.
First a comprehensive list of experimental sets of data containing the potential candidates for the database has to be established indicating those that are judged of particular importance and are under threat of being lost. This inventory will be prepared on the basis of the input provided by the different laboratories, both governmental and industrial and should include information that characterises the system, types of tests, quantities measured and methods used. This list should be used to establish rankings and priorities. The different levels comprise:
1. Storing the primary information: simple preservation of primary documents in computer readable image form and optical character recognition. 2. Preparing the description of the reactor and experimental results: compilation of the information and data in an agreed standard form, including all information required such as experimental methods to carry out computer code-aided modeling and interpretations can be achieved.
Evaluation of results, their interpretation and review:
analysis of the experiment with state of the art computer codes and data, sensitivity and uncertainty analysis. Documentation produced in the interpretation process. 4. Storing in a database: the peer reviewed benchmark data is integrated into a database management system (such as ACCESS, ORACLE etc.).
The first level should be considered as the preparatory work for the qualified preservation effort. The archive containing the primary reports and data is essential as it allows the later extraction of the data that needs to be compiled and reevaluated, based on requirements expressed and on the basis of the priority list established. The database level would be a last step that requires an additional effort of maintenance across changing generations of computer systems.
In order to test the designed format and methodology, especially as concerns levels 2 and 3, a pilot project was established covering 6 sets of experiments. These sets and other data released to the IRPhE project as well as a list of experiments that are in process of being contributed are listed in the following Tables 2 and 3 : 
HTR HTR at the PROTEUS (Switzerland)
The product of the pilot project will be a demonstration database scheduled for release by mid 2002. Experience from this pilot project will be used to establish an expert group of benchmark evaluators charged with applying the established procedures to sets of experiments selected by member countries identified as being of particular relevance now.
V. Conclusion
A large number of experimentalists, physicists, evaluators, modelers have devoted large amounts of their efforts and competencies to produce the data on which the methods we are using today are based. These data are far from having been exploited fully for the different nuclear and radiation technologies. This wealth of information needs to be preserved in a form more easily exploitable by modern information technology and for use in connection with novel and refined computational models with limitations of the past removed. These data will form the basis for the studies of more advanced nuclear technology, will be instrumental in identifying areas where there is a lack of knowledge and thus provide support to justifying new experiments that would reduce design uncertainties and consequently costs. While the experiments concerned with criticality safety issues have received due attention in the past and need further efforts to fill existing gaps, the area of radiation shielding, due to lack of funds has been progressing, but slowly. Finally the reactor physics experimental data represents a massive amount of data that needs to received full attention now if it is not to be lost. The effort has received some attention in the frame of knowledge and best practice management requirements in different organisations and countries. Improvement of comprehensiveness of the databases, experiment re-interpretation and re-evaluation using state-of-the-art methods will require a large further effort and all laboratories wishing to manage and share this knowledge are invited to contribute.
The ANS Joint Benchmark Committee (JBC) has adopted the formats and procedures used in these three projects. Also other institutions have expressed the intention to document results from ongoing and future experiments following these procedures and guidelines. Co-operation with the IAEA covers fast reactor experiments.
